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Description

TECHNICAL FIELD

[0001] The invention relates to a weakly crosslinked sealing material for use in a solar cell module (a solar cell module-
forming sealing material) and a method for manufacturing a solar cell module.

BACKGROUND ART

[0002] Recently, with increasing consciousness about environmental problems, solar batteries have attracted attention
as clean energy sources. A solar cell module for forming a solar battery includes solar cell elements, which play a role
to convert light energy, such as sunlight, to electric energy.
[0003] Solar cell elements are often made using a monocrystalline silicon substrate or a polycrystalline silicon substrate.
Thus, solar cell elements are vulnerable to mechanical impact, and a solar cell module placed outdoors needs to be
protected from rain, etc. Since electric power generated from a piece of solar cell element is small, a plurality of solar
cell elements must be connected in series and parallel so that a practical level of electric power can be output. Thus, a
solar cell module is commonly made by connecting a plurality of solar cell elements and sealing them with a transparent
substrate and a sealing material. In general, a solar cell module is produced by sequentially stacking members including
a transparent front substrate, a sealing material, solar cell elements, another sealing material, and a rear surface-
protecting sheet, etc., and subjecting them to a lamination process or the like in which they are subjected to vacuum
aspiration and thermocompression bonding.
[0004] In view of processability, workability, manufacturing cost, and other points, ethylene-vinyl acetate copolymer
(EVA) resin is most commonly used as a sealing material for solar cell modules. Unfortunately, EVA resin tends to
gradually decompose over long-term use and may deteriorate in a solar cell module to cause a reduction in strength or
to produce acetic acid gas, which will affect solar cell elements. Thus, it is proposed that in place of EVA resin, polyolefin-
based resin such as polyethylene should be used to form a sealing material for use in a solar cell module.
[0005] For example, Patent Document 1 discloses a sealing material layer containing a crosslinking agent and an
ethylene-α-olefin copolymer obtained by polymerization using a single site catalyst. Patent Document 2 discloses a
transparent, flame-retardant layer containing a crosslinking agent and a resin obtained by graft polymerization of poly-
ethylene and an ethylenic unsaturated silane compound.
[0006]

Patent Document 1: Japanese Unexamined Patent Application, Publication No. 2000-91611
Patent Document 2: Japanese Unexamined Patent Application, Publication No. 2009-10277

[0007] US 2005/0051204 A1 (Kasumi Oi) provides an encapsulant layer for photovoltaic module used in a photovoltaic
module enabling recovering and recycling or reusing of reutilizeable resources such as a transparent front face substrate
and photovoltaic cell and the like among constituents of a photovoltaic module, and also provides a method for manu-
facturing a regenerated photovoltaic cell and a regenerated transparent front face substrate. The invention attains the
above mentioned object by providing an encapsulant layer for photovoltaic module, wherein the encapsulant layer for
photovoltaic module is used in a photovoltaic module formed by laminating: a transparent front face substrate; a pho-
tovoltaic cell carrying a wiring electrode and a takeoff electrode, and an encapsulant layer is placed on at least one
surface; and a rear face protecting sheet, in this order, comprising a separable layer formed mainly of a thermoplastic
resin (a) having a peeling strength from the transparent front face substrate, measured in a 180 DEG peeling test under
a 25 DEG C. atmosphere, in a range of 1 N/15 mm width to 150 N/15 mm width, (b) having a Vicat softening temperature,
measured based on JIS standard K7206, in a range of 60 DEG C. to 128 C., and (c) having a melt mass flow rate,
measured based on JIS standard K7210, in a range of 0.1 g/10 min to 50 g/10 min, and wherein (d) an output maintenance
factor of photoelectronic power, before and after a test measured based on a standard, of the photovoltaic module using
the encapsulant layer is in a range of 80% to 100%.
[0008] JP 2009/253130 (ASAHI KASEI E-MATERIALS CORP.) provides an inexpensive resin sealing sheet hardly
causing dispersion in the sheet width direction while keeping transparency being a feature of a conventional resin sealing
sheet, adhesiveness, and a creep resistance characteristic; and a resin sealing sheet capable of solving a problem of
a residual organic peroxide that was considered as a problem in the past, and a problem such as adverse effect of its
decomposition on another member such as a solar cell, and machine damage by a volatile constituent such as acetic
acid to a vacuum machine for vacuum laminating. This resin sealing sheet is formed by softening resins to be tightly
attached to each other is characterized by being manufactured by using an annular die.
[0009] JP 2010/059277 (ASAHI KASEI E-MATERIALS CORP.) provides a resin sheet for sealing that achieves ex-
cellent gap-sealing, recyclability, resistance to water vapor penetration, and creep resistance while maintaining trans-
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parency and adhesion. The resin sheet for sealing includes resin components of: at least one resin (A) selected from a
copolymer of ethylene and vinyl acetate, a copolymer of ethylene and unsaturated aliphatic carboxylic acid, and a
copolymer of ethylene and unsaturated aliphatic carboxylic acid ester; and a thermoplastic resin (B) other than the resin
(A).

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0010] In general, the transparency or flexibility of a solar cell module-forming sealing material composed mainly of
polyethylene-based resin can be improved by reducing its density. Unfortunately, there is a problem in that heat resistance
rather decreases as the density decreases.
[0011] As disclosed in Patent Documents 1 and 2, it is known that heat resistance or flame retardancy can be provided
when a crosslinking agent is used. To achieve such an object, however, crosslinking has to be performed sufficiently.
In conventional techniques, a large amount of a crosslinking agent is added for this purpose. For example, Patent
Document 1 discloses that a crosslinking agent is added in an amount of about 1%, and Patent Document 2 discloses
that a crosslinking agent is added in such an amount that a gel fraction of 30% or more can be attained. In this case,
heat resistance or flame retardancy can be increased reliably, but flexibility can be reduced. In addition, the film forming
ability can decrease as the crosslinking proceeds during molding, which requires measures such as repeating the
crosslinking reaction after molding at low temperature as disclosed in Patent Document 1.
[0012] An object of the invention, which has been made under the above circumstances, is to provide a solar cell
module-forming sealing material that can be produced using polyethylene-based resin and can not only have a desired
level of transparency and flexibility suitable for a solar cell module but also provide heat resistance, and to provide a
method for producing such a sealing material.

Means for Solving the Problems

[0013] As a result of earnest study, the inventors have accomplished the invention based on the finding that when a
polymerization initiator is added in an amount smaller than that for a common crosslinking treatment to low density
polyethylene-based resin, a novel state can be formed, which is weakly crosslinked and increased in molecular weight
(hereinafter, such a process is also referred to as "weak crosslinking"), and that while keeping the film forming ability,
the weak crosslinking reaction is allowed to proceed successfully by heating during molding. More specifically, the
invention provides the following.

(1) A weakly crosslinked sealing material for use in a solar cell module, comprising: all layers of a monolayer or
multilayer film comprising a resin composition containing at least 90 mass% of a polyethylene-based resin with a
density in a range of 0.870 g/cm3 to 0.900 g/cm3 inclusive and containing substantially no crosslinking coagent,
the monolayer or multilayer film having a from 0.1 g/10 min to less than 1.0 g/10 min as measured, with a method
as follows:

the weakly crosslinked sealing material having a gel fraction within 0% and 1% as measured with a method as
follows:

a gel fraction (%): after crosslinked, 1 g of the sealing material is weighed and placed in an 80-mesh metal
gauze bag; subsequently, the sample in the metal gauze is added to a Soxhlet extractor and refluxed with
xylene at the boiling point; after continuous extraction for 10 hours, the sample in the metal gauze bag is
taken out, and the sample is dried and then weighed; the weights of the sample before and after the
extraction are compared to determine the mass percentage (%) of the insoluble residue, which is used as
the gel fraction,
MFR (g/10 min) is measured according to JIS K 7210, wherein synthetic resin is heated and pressurized
at 190°C in a cylindrical vessel heated by a heater, and the amount of the resin extruded per 10 minutes
from an opening (nozzle) formed at the bottom of the vessel is measured; the testing machine used is an
extrusion plastometer, and the extrusion load is 2.16 kg; concerning a sealing material sheet made of a
multilayer film, the above measurement process is performed on a multilayer state in which all layers are
laminated, and the resulting measured value is used as the MFR value of the multilayer sealing material
sheet.

(2) The weakly crosslinked sealing material according to item (1) for use in a solar cell module, wherein the poly-
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ethylene-based resin is metallocene-type linear low density polyethylene.
(3) The weakly crosslinked sealing material according to item (1) or (2) for use in a solar cell module, wherein the
polyethylene-based resin contains a copolymer obtained by copolymerization using an α-olefin and an ethylenic
unsaturated silane compound as comonomers.
(4) The weakly crosslinked sealing material according to any one of items (1) to (3) for use in a solar cell module,
which has a polystyrene-equivalent weight average molecular weight of from 120,000 to 300,000 as measured with
a method as follows: the polystyrene-equivalent weight average molecular weight is determined by a process in-
cluding measuring the viscosity of a xylene solution of 6 wt% of the sample and determining the weight average
molecular weight of the sample from the viscosity by conversion calculation using a polystyrene standard.
(5) The weakly crosslinked sealing material according to any one of items (1) to (4) for use in a solar cell module,
which has at least two layers different in the MFR.
(6) The weakly crosslinked sealing material according to item (5) for use in a solar cell module, wherein the layers
include a layer with a relatively high MFR arranged as an outermost layer and another layer with a relatively low
MFR arranged as an intermediate layer.
(7) A solar cell module having the weakly crosslinked sealing material for use in a solar cell module according to
any one of items (1) to (6).
(8) A method for producing a weakly crosslinked sealing material for use in a solar cell module, comprising : melt
molding a resin composition containing a polyethylene-based resin with a density in a range of 0.870 g/cm3 to 0.900
g/cm3 inclusive and 0.02 mass% to less than 0.5 mass% of a polymerization initiator and containing substantially
no crosslinking coagent at a temperature equal to or higher than a one-minute half-life temperature of the polymer-
ization initiator, wherein the weakly crosslinked sealing material has a gel fraction within 0% and 1% as measured
with a method as follows:

a gel fraction (%): after crosslinked, 1 g of the sealing material is weighed and placed in an 80-mesh metal
gauze bag; subsequently, the sample in the metal gauze is added to a Soxhlet extractor and refluxed with xylene
at the boiling point; after continuous extraction for 10 hours, the sample in the metal gauze bag is taken out,
and the sample is dried and then weighed; the weights of the sample before and after the extraction are compared
to determine the mass percentage (%) of the insoluble residue, which is used as the gel fraction.

(9) The method according to item (8) for producing a weakly crosslinked sealing material for use in a solar cell
module, wherein the composition contains 0.02 mass% to 0.2 mass% of the polymerization initiator.
(10) The method according to item (8) or (9) for producing a weakly crosslinked sealing material for use in a solar
cell module, wherein the polymerization initiator is an organic peroxide.
(11) The method according to any one of items (9) to (11) for producing a weakly crosslinked sealing material for
use in a solar cell module, wherein the melt molding is performed at a temperature at least 50°C higher than the
melting point of the polyethylene-based resin.
(12) The method according to any one of items (8) to (11) for producing a weakly crosslinked sealing material for
use in a solar cell module, wherein the difference in the density of the resin composition between before and after
the melt molding is at most 0.05 g/cm3, and the difference in the MFR of the resin composition between before and
after the melt molding is at least 1.0 g/10 min as measured at 190°C under a load of 2.16 kg according to JIS K 7210.
(13) The method according to any one of items (8) to (12) for producing a weakly crosslinked sealing material for
use in a solar cell module, wherein the sealing material has at least two layers different in the content of the
polymerization initiator.
(14) The method according to item (13) for producing a weakly crosslinked sealing material for use in a solar cell
module, wherein the layers include a layer with a relatively low polymerization initiator content arranged as an
outermost layer and another layer with a relatively high polymerization initiator content arranged as an intermediate
layer.

Effects of the Invention

[0014] The invention makes it possible to provide a solar cell module-forming weakly crosslinked sealing material that
can be produced using polyethylene-based resin and can not only have a desired level of transparency and flexibility
suitable for a solar cell module but also provide heat resistance, and to provide a method for producing such a weakly
crosslinked sealing material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a cross-sectional view showing an example of the layered structure of a solar cell module according
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to the invention.

EXPLANATION OF REFERENCE NUMERALS

[0016]

1: Solar cell module
2: Transparent front substrate
3: Front sealing material layer
4: Solar cell element
5: Rear sealing material layer
6: Rear surface-protecting sheet

PREFERRED MODE FOR CARRYING OUT THE INVENTION

<Sealing Material Composition for Use in Forming Solar Cell Module>

[0017] The sealing material composition for producing the weakly crosslinked sealing material of the invention for use
in a solar cell module (hereinafter, also simply referred to as the "sealing material composition") contains, as essential
components, a polymerization initiator and a resin composition containing 90% or more of a polyethylene-based resin
with a density of 0.900 g/cm3 or less.
[0018] The weakly crosslinked sealing material of the invention for use in a solar cell module is a monolayer film made
from the sealing material composition or a multilayer film including a laminate of layers each made from the sealing
material composition. When the weakly crosslinked sealing material for use in a solar cell module is a multilayer film,
the respective layers may be made from sealing material compositions different in component or component ratio, as
long as each resin composition contains 90% or more of a polyethylene-based resin with a density of 0.900 g/cm3.

[Polyethylene-based resin]

[0019] In the invention, low density polyethylene (LDPE) with a density of 0.900 g/cm3 or less, preferably, linear low
density polyethylene (LLDPE) with a density of 0.900 g/cm3 or less is used as a base resin. The linear low density
polyethylene may be a copolymer of ethylene and α-olefin, which has a density of 0.900 g/cm3 or less, preferably has
a density in the range of 0.870 to 0.890 g/cm3 in the invention. Within this range, the resin can have a desired level of
transparency and heat resistance while maintaining the ability to be formed into a sheet.
[0020] In the invention, metallocene-type linear low density polyethylene is preferably used. The metallocene-type
linear low density polyethylene is synthesized using a metallocene catalyst, which is a single site catalyst. Such poly-
ethylene contains few branched side chains and has a uniform distribution of comonomers. Thus, such polyethylene
can have a narrow molecular weight distribution and a very low density as mentioned above. Such polyethylene can
also have a narrow crystal distribution and contain crystals of uniform size, so that not only there is no large-sized crystal
in it, but also its crystallinity is low because of its low density. Thus, such polyethylene has high transparency when
formed into a sheet. Thus, the solar cell module-forming sealing material of the invention made from the weakly crosslinked
sealing material composition causes almost no reduction in generating efficiency even when placed between a trans-
parent front substrate and solar cell elements.
[0021] The linear low density polyethylene is preferably produced using an unbranched α-olefin. In particular, an α-
olefin of 6 to 8 carbon atoms, such as 1-hexene, 1-heptene, or 1-octene is preferably used. When an α-olefin of 6 to 8
carbon atoms is used, a desired level of flexibility and strength can be imparted to the solar cell module-forming sealing
material. As a result, the adhesion between the solar cell module-forming sealing material and the substrate can be
increased, so that entrance of water between the solar cell module-forming sealing material and the substrate can be
prevented.
[0022] The polyethylene-based resin preferably has a melt mass flow rate (MFR) of from 1.0 g/10 min to 40 g/10 min,
more preferably from 2 g/10 min to 40 g/10 min, as measured at 190°C under a load of 2.16 kg. The polyethylene-based
resin with a MFR in the above range has high processability during the process of forming the sealing material film for
use in a solar cell module.
[0023] The term "MFR" as used herein, unless otherwise specified, refers to the value obtained by the method described
below.
[0024] MFR (g/10 min) is measured according to JIS K 7210. More specifically, synthetic resin is heated and pressurized
at 190°C in a cylindrical vessel heated by a heater, and the amount of the resin extruded per 10 minutes from an opening
(nozzle) formed at the bottom of the vessel is measured. The testing machine used is an extrusion plastometer, and the
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extrusion load is 2.16 kg.
[0025] Concerning a weakly crosslinked sealing material sheet made of a multilayer film, the above measurement
process is performed on a multilayer state in which all layers are laminated, and the resulting measured value is used
as the MFR value of the multilayer sealing material sheet.
[0026] In the invention, the "polyethylene-based resin" is intended to include not only common polyethylene obtained
by polymerization of ethylene but also resin obtained by polymerization of an ethylenic unsaturated bond-containing
compound such as α-olefin, resin obtained by copolymerization of different compounds each having an ethylenic un-
saturated bond, and modified resins obtained by grafting other chemical species onto these resins.
[0027] In particular, a silane copolymer obtained by copolymerization using at least an α-olefin and an ethylenic
unsaturated silane compound as comonomers may be preferably used. When such resin is used, adhesion can be
achieved between the solar cell module-forming sealing material and a member such as a transparent front substrate
or a solar cell element.
[0028] For example, the silane copolymer is described in Japanese Unexamined Patent Application, Publication No.
2003-46105. The use of the copolymer as a component of the solar cell module-forming sealing material composition
makes it possible to reliably and inexpensively manufacture a solar cell module having a high level of strength, durability,
weather resistance, heat resistance, water resistance, light resistance, wind pressure resistance, hail resistance, and
other properties, having excellent heat sealability not vulnerable to solar cell module-manufacturing conditions such as
thermocompression bonding conditions, and being suitable for use in a variety of applications.
[0029] The silane copolymer is intended to include a copolymer obtained by copolymerization using at least an α-
olefin and an ethylenic unsaturated silane compound as comonomers and optionally any other unsaturated monomer
as a comonomer and include a product of modification or condensation of such a copolymer.
[0030] More specifically, for example, one or more α-olefins and one or more ethylenic unsaturated silane compounds
and optionally one or more other unsaturated monomers may be simultaneously or stepwisely subjected to random
copolymerization using a suitable reaction vessel, for example, under the conditions of a pressure of about 500 to about
4,000 kg/cm2, preferably about 1,000 to 4,000 kg/cm2 and a temperature of about 100 to 400°C, preferably about 150
to about 350°C in the presence of a radical polymerization initiator and optionally a chain transfer agent, and optionally,
silane compound moieties of the resulting random copolymer may be modified or condensed, so that a copolymer of
the α-olefin and the ethylenic unsaturated silane compound or a product of modification or condensation of the copolymer
can be produced.
[0031] Alternatively, for example, a copolymer of an α-olefin and an ethylenic unsaturated silane compound or a
product of modification or condensation of the copolymer may be produced by a process including subjecting one or
more α-olefins and optionally one or more other unsaturated monomers to simultaneous or stepwise polymerization
using a suitable reaction vessel in the presence of a radical polymerization initiator and optionally a chain transfer agent
as described above, then subjecting the resulting polyolefin polymer to graft polymerization of one or more ethylenic
unsaturated silane compounds, and optionally modifying or condensing silane compound moieties of the resulting graft
copolymer.
[0032] For example, the α-olefin may be one or more selected from ethylene, propylene, 1-butene, isobutylene, 1-
pentene, 2-methyl-1-butene, 3-methyl-1-butene, 1-hexene, 1-heptene, 1-octene, 1-nonene, and 1-decene.
[0033] For example, the ethylenic unsaturated silane compound may be one or more selected from vinyltrimethoxysi-
lane, vinyltriethoxysilane, vinyltripropoxysilane, vinyltriisopropoxysilane, vinyltributoxysilane, vinyltripentyloxysilane, vi-
nyltriphenoxysilane, vinyltribenzyloxysilane, vinyltrimethylenedioxysilane, vinyltriethylenedioxysilane, vinylpropiony-
loxysilane, vinyltriacetoxysilane, and vinyltricarboxysilane.
[0034] For example, one or more selected from vinyl acetate, acrylic acid, methacrylic acid, methyl acrylate, methyl
methacrylate, ethyl acrylate, and vinyl alcohol may be used as other unsaturated monomers.
[0035] Examples of radical polymerization initiators that may be used include organic peroxides such as lauroyl per-
oxide, dipropionyl peroxide, benzoyl peroxide, di-tert-butyl peroxide, tert-butyl hydroperoxide, and tert-butyl peroxybu-
tyrate, molecular oxygen, and azo compounds such as azobisisobutyronitrile and azoisobutylvaleronitrile.
[0036] Examples of chain transfer agents that may be used include paraffin hydrocarbons such as methane, ethane,
propane, butane, and pentane, α-olefins such as propylene, 1-butene, and 1-hexene, aldehydes such as formaldehyde,
acetaldehyde, and n-butyl aldehyde, ketones such as acetone, methyl ethyl ketone, and cyclohexanone, aromatic hy-
drocarbons, and chlorinated hydrocarbons.
[0037] For example, a method for modification or condensation of silane compound moieties of a random copolymer
or a graft copolymer may include carrying out a dehydration condensation reaction between silanol groups of silane
compound moieties of a random or graft copolymer of an α-olefin and an ethylenic unsaturated silane compound using
a silanol condensation catalyst such as a carboxylate of a metal such as tin, zinc, iron, lead, or cobalt, an organometallic
compound such as a titanate or a chelate compound, an organic base, an inorganic acid, or an organic acid, so that a
product of modification or condensation of the copolymer of an α-olefin and an ethylenic unsaturated silane compound
is obtained.
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[0038] The silane copolymer to be used is preferably any of a random copolymer, an alternating copolymer, a block
copolymer, and a graft copolymer, more preferably a graft copolymer, even more preferably a graft copolymer having
a polyethylene main chain for polymerization and an ethylenic unsaturated silane compound-derived side chain grafted
to the main chain. Such a graft copolymer, in which silanol groups contributable to adhesive strength have a high degree
of freedom, can increase the adhesion of the solar cell module-forming sealing material to other components of the solar
cell module.
[0039] The content of the ethylenic unsaturated silane compound component in the copolymer of the α-olefin and the
ethylenic unsaturated silane compound is typically from about 0.001 to about 15 mass%, preferably from about 0.01 to
about 5 mass%, in particular, preferably from about 0.05 to about 2 mass%, based on the total weight of the copolymer.
In the invention, if the content of the ethylenic unsaturated silane compound component in the copolymer of the α-olefin
and the ethylenic unsaturated silane compound is high, a high level of mechanical strength and heat resistance can be
provided, but if it is too high, tensile elongation, heat sealability, or other properties will tend to be low.
[0040] The content of the polyethylene-based resin with a density of 0.900 g/cm3 or less in the sealing material
composition should be 90 mass% or more, preferably 99.9 mass% or more. Within such a range, the composition may
contain any other resin. For example, any other resin may be any other polyethylene-based resin with a density of more
than 0.900 g/cm3. For example, such resins may be used as additive resins, or may be used together with other com-
ponents to form a master batch as described below.

[Polymerization Initiator]

[0041] In the invention, the content of the polymerization initiator in the solar cell module-forming sealing material
composition is within the specified range, which is lower than that for a general process of crosslinking a conventionally
known sealing material composition for a solar cell module. The content of the polymerization initiator in the solar cell
module-forming sealing material composition is from 0.02 mass% to less than 0.5 mass%, preferably up to 0.2 mass%
or less, more preferably up to 0.1 mass% or less. If the content is less than the above range, week crosslinking of the
polyethylene-based resin cannot proceed so that heat resistance will be insufficient. If the content is more than the above
range, gelation or the like can occur during molding so that the film forming ability and transparency will be degraded.
[0042] Any known polymerization initiator may be used, such as a known radical polymerization initiator. Examples
of radical polymerization initiators include organic peroxides including hydroperoxides such as diisopropylbenzene hy-
droperoxide and 2,5-dimethyl-2,5-di(hydroperoxy)hexane; dialkyl peroxides such as di-tert-butyl peroxide, tert-butyl-
cumyl peroxide, dicumyl peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, and 2,5-dimethyl-2,5-di(tert-per-
oxy)hexyne-3; diacyl peroxides such as bis-3,5,5-trimethylhexanoyl peroxide, octanoyl peroxide, benzoyl peroxide, o-
methylbenzoyl peroxide, and 2,4-dichlorobenzoyl peroxide; peroxyesters such as tert-butyl peroxyacetate, tert-butyl-
tert-ethyl hexanoate, tert-butyl peroxypivalate, tert-butyl peroxyoctoate, tert-butyl peroxyisopropyl carbonate, tert-butyl
peroxybenzoate, di-tert-butyl peroxyphthalate, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, 2,5-dimethyl-2,5-di(ben-
zoylperoxy)hexyne-3, and tert-butylperoxy-2-ethylhexyl carbonate; ketone peroxides such as methyl ethyl ketone per-
oxide and cyclohexanone peroxide; and peroxycarbonates such as tert-amyl-peroxy-2-ethylhexyl carbonate and tert-
butylperoxy-2-ethylhexyl carbonate; or azo compounds such as azobisisobutyronitrile and azobis(2,4-dimethylvaleroni-
trile); and silanol condensation catalysts such as dibutyltin diacetate, dibutyltin dilaurate, dibutyltin dioctate, dioctyltin
dilaurate, and dicumyl peroxide.
[0043] Among the above, tert-butylperoxy-2-ethylhexyl carbonate and 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane are
preferably used. These have a high active hydrogen amount of 5% or more and also have a one-minute half-life tem-
perature of 160 to 190°C when used as a polymerization initiator. Thus, these are preferred because these can be
consumed during molding, so that unnecessary later crosslinking can be prevented, which would otherwise be caused
by a residue after molding. If the one-minute half-life temperature is less than 160°C, it can be difficult to allow the
crosslinking reaction to proceed after the polymerization initiator is sufficiently dispersed during molding, which is not
preferred.

[Crosslinking Coagent]

[0044] The invention uses no crosslinking coagent in contrast to a general crosslinking treatment. In this context, the
crosslinking coagent is typically a polyfunctional vinyl monomer and/or a polyfunctional epoxy monomer, examples of
which include polyallyl compounds such as triallyl isocyanurate (TAIC), triallyl cyanurate, diallyl phthalate, diallyl fumarate,
and diallyl maleate; poly(meth)acryloxy compounds such as trimethylolpropane trimethacrylate (TMPT), trimethylolpro-
pane triacrylate (TMPTA), ethylene glycol diacrylate, ethylene glycol dimethacrylate, 1,4-butanediol diacrylate, 1,6-
hexanediol diacrylate, and 1,9-nonanediol diacrylate; and epoxy compounds such as glycidyl methacrylate and 4-hy-
droxybutyl acrylate glycidyl ether, which contain a double bond and an epoxy group, and 1,6-hexanediol diglycidyl ether,
1,4-butanediol diglycidyl ether, cyclohexanedimethanol diglycidyl ether, and trimethylolpropane polyglycidyl ether, which
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contain two or more epoxy groups.
[0045] As used herein, the term "substantially no crosslinking coagent" means that within the scope of the invention,
the composition may contain any crosslinking coagent in such an amount as to show no crosslinking effect like impurities,
and for example, the content of such a crosslinking coagent in the composition is less than 0.01 mass%.

[Other Components]

[0046] The solar cell module-forming weakly crosslinked sealing material composition may further contain other com-
ponents. Examples of other components include a weather-resistant master batch for imparting weather resistance to
the solar cell module-forming weakly crosslinked sealing material of the invention made from the solar cell module-
forming sealing material composition, various fillers, a light stabilizer, an ultraviolet absorbing agent, a thermal stabilizer,
etc. The content of each of these components in the solar cell module-forming weakly crosslinked sealing material
composition is preferably in the range of 0.001 to 5 mass%, depending on the particle shape, density, or other factors.
These additives can impart long-term stable mechanical strength or the property of preventing yellowing, cracking, or
the like to the solar cell module-forming sealing material composition.
[0047] The weather-resistant master batch may be a dispersion of a light stabilizer, an ultraviolet absorbing agent, a
thermal stabilizer, and the antioxidant or the like in resin such as polyethylene. When this is added to the weakly
crosslinked sealing material composition, good weather resistance can be imparted to the solar cell module-forming
sealing material. The weather-resistant master batch may be produced and used as needed, or a commercially available
product may be used as the weather-resistant master batch. The resin for use in the weather-resistant master batch
may be linear low density polyethylene for use in the invention, or any other resin as described above.
[0048] The light stabilizer, ultraviolet absorbing agent, thermal stabilizer, and antioxidant may be used alone or in
combination of two or more.
[0049] Besides the above, other components for use in the composition for the solar cell module-forming weakly
crosslinked sealing material of the invention may further include an adhesion improving agent such as a silane coupling
agent, a nucleating agent, a dispersing agent, a leveling agent, a plasticizer, an anti-foaming agent, a flame retardant, etc.

< Weakly crosslinked Sealing Material for Use in Solar Cell Module>

[0050] The sealing material for use in a solar cell module (hereinafter, also simply referred to as the "sealing material
sheet") can be obtained in the form of a monolayer or multilayer sheet or film by subjecting the weakly crosslinked sealing
material composition to a weak crosslinking treatment as described above during a conventionally known molding
process. As used herein, the term "sheet" is intended to include not only a sheet but also a film, and there is no difference
between both forms.
[0051] The sealing material sheet can be formed by various molding methods commonly used for molding thermoplastic
resin, such as injection molding, extrusion molding, blow molding, compression molding, and rotational molding. An
exemplary method for forming a multilayer sealing material sheet or film includes performing coextrusion molding using
two or more melt kneading/extruding machines. In any method, the molding temperature is preferably at least 50°C
higher than the melting point of the polyethylene-based resin in order to accelerate the weak crosslinking reaction during
the molding. More specifically, the molding temperature is preferably a high temperature of 150 to 250°C, more preferably
in the range of 190 to 230°C. As described above, since the polymerization initiator is added in a relatively small amount
in the invention, the level of the reduction in MFR is low even if MFR is reduced. Thus, weak crosslinking is allowed to
proceed successfully during melt molding. A novel feature of the invention is based on the finding that weak crosslinking
of the polyethylene-based resin can proceed even when the polymerization initiator is used in a relatively small amount
with substantially no crosslinking coagent. Since the molding temperature is equal to or higher than the one-minute half-
life temperature of the polymerization initiator, almost no residue of the polymerization initiator remains after the molding.
Thus, the weak crosslinking is completed at the molding stage.
[0052] With respect to the physical properties, the solar cell module-forming sealing material of the invention weakly
crosslinked as described above is characterized in that (i) it still has a low density and (ii) it has sufficient film forming
ability as well as improved heat resistance. Concerning the characteristic (i), the density of the solar cell module-forming
sealing material of the invention is about 0.900 g/cm3 or less, which is not higher than and substantially equal to the
density of the low density polyethylene-based resin used as a main raw material, and the difference in the density of the
resin composition between before and after the melt molding is 0.05 g/cm3 or less. Thus, the transparency is still
maintained.
[0053] Concerning the heat resistance (ii), the MFR is from 0.1 g/10 min to less than 1.0 g/10 min, and the difference
in the MFR of the resin composition between before and after the melt molding is preferably from 1.0 g/10 min to 10.0
g/10 min, so that heat resistance is improved within the MFR range where molding is possible. This is an advantageous
effect of the weak crosslinking treatment in the invention. In general, there is a positive correlation between the MFR
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and density of resin. Nevertheless, without changing the density, the invention makes it possible to slightly decrease
the MFR within the MFR range where molding is possible. Thus, the weakly crosslinked sealing material of the invention
is a novel product.
[0054] The result of the weak crosslinking treatment is also understandable from the gel fraction of the product. The
solar cell module-forming sealing material of the invention has a gel fraction within 0% and 1%. This indicates that the
weak crosslinking treatment according to the invention is fundamentally different from the conventional technical idea
such as that disclosed in Patent Document 2, which imparts flame retardancy by performing a crosslinking treatment in
such a manner that a gel fraction of 30% or more is attained. As used herein, the gel fraction is the value obtained by
the method described below.
[0055] Gel fraction (%): After crosslinked, 1 g of the sealing material is weighed and placed in an 80-mesh metal gauze
bag. Subsequently, the sample in the metal gauze is added to a Soxhlet extractor and refluxed with xylene at the boiling
point. After continuous extraction for 10 hours, the sample in the metal gauze bag is taken out, and the sample is dried
and then weighed. The weights of the sample before and after the extraction are compared to determine the mass
percentage (%) of the insoluble residue, which is used as the gel fraction. The gel fraction of the sealing material in the
form of a multilayer film is determined as follows. The multilayer product in which all layers are laminated together is
subjected to the above process, and the resulting measured value is used as the gel fraction of the multilayer sealing
material sheet.
[0056] Another side of the weak crosslinking treatment can also be identified in terms of molecular weight. The solar
cell module-forming sealing material of the invention has a polystyrene-equivalent weight average molecular weight of
from 120,000 to 300,000, and the ratio of the weight average molecular weight of the weakly crosslinked sealing material
to the weight average molecular weight of the uncrosslinked polyethylene-based resin is in the range of from 1.5 to 3.0.
This also indicates that a macromolecule is formed but a densecrosslinked structure is not formed, while a weakly
crosslinked structure is formed. In the invention, the weight average molecular weight is determined by a process including
measuring the viscosity of a xylene solution of 6 wt% of the sample and determining the weight average molecular weight
of the sample from the viscosity by conversion calculation using a polystyrene standard. For the molecular weight of the
sealing material sheet in the form of a multilayer film, the multilayer product in which all layers are laminated together
is subjected to the above process, and the resulting measured value is used as the molecular weight of the multilayer
sealing material sheet.
[0057] When the weakly crosslinked sealing material sheet is in the form of a multilayer film, the layers of the sheet
preferably have different MFRs. As described below, the sealing material sheet is generally used in such a manner that
one surface of the sheet is brought into intimate contact with the electrode surface of solar cell elements in a solar cell
module. In such a case, the sealing material sheet is required to have high adhesion regardless of irregularities on the
electrode surface. The monolayer sealing material sheet of the invention has a desired level of transparency, flexibility,
and heat resistance. In addition, it is more preferred that the sealing material surface to be brought into intimate contact
with the electrode surface of solar cell elements should have such high molding properties. The weakly crosslinked
sealing material sheet of the invention in the form of a multilayer film having layers with different MFRs may be so
structured that a higher-MFR layer is arranged as the outermost layer to be brought into intimate contact with the electrode
surface of solar cell elements. In this case, while keeping a desired level of transparency and heat resistance, the sealing
material sheet can have a surface with higher molding properties to be brought into intimate contact with solar cell
elements.
[0058] For example, the weakly crosslinked sealing material sheet in the form of a multilayer film having three or more
layers is preferably such that the outermost layer has a thickness of from 30 mm to 120 mm and the thickness ratio of
the outermost/intermediate/outermost layers is in the range of 1/3/1 to 1/8/1, wherein the intermediate layer is composed
of the other layer or layers than the outermost layers. The weakly crosslinked sealing material with such a structure can
have a desired level of heat resistance. At the same time, the outermost layer of the sealing material can have a desired
level of molding properties, and such a structure can also keep the manufacturing cost at a low level.

<Solar Cell Module>

[0059] Next, an example of the solar cell module of the invention is described with reference to the drawing. Fig. 1 is
a cross-sectional view showing an example of the layered structure of a solar cell module according to the invention.
The solar cell module 1 according to the invention includes a transparent front substrate 2, a front sealing material layer
3, solar cell elements 4, a rear sealing material layer 5, and a rear surface-protecting sheet 6, which are laminated in
this order from the incident light receiving surface side. In the solar cell module 1 according to the invention, the solar
cell module-forming sealing material described above is used to form at least one of the front sealing material layer 3
and the rear sealing material layer 5.
[0060] For example, the solar cell module 1 may be manufactured by a process including sequentially stacking members
including the transparent front substrate 2, the front sealing material layer 3, the solar cell elements 4, the rear sealing
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material layer 5, and the rear surface-protecting sheet 6, integrating the members by means of vacuum aspiration or
the like, and then subjecting the members to a molding process such as a lamination process so that an integrated
molded product is obtained by thermocompression bonding and molding.
[0061] Alternatively, the solar cell module 1 may be manufactured by a process including melt-laminating the front
sealing material layer 3 and the rear sealing material layer 5 to the front and rear sides of the solar cell elements 4,
respectively, by a molding process normally used for general thermoplastic resin, such as T-die extrusion molding, so
that the solar cell elements 4 are sandwiched between the front sealing material layer 3 and the rear sealing material
layer 5, then sequentially stacking the transparent front substrate 2 and the rear surface-protecting sheet 6, and then
integrating the members by means of vacuum aspiration or the like, and subjecting the members to thermocompression
bonding.
[0062] In the solar cell module 1 according to the invention, conventionally known materials may be used without
restriction for the transparent front substrate 2, the solar cell elements 4, and the rear surface-protecting sheet 6, which
are other members than the front sealing material layer 3 and the rear sealing material layer 5. The solar cell module 1
according to the invention may also include any other member than the above members. The weakly crosslinked sealing
material sheet of the invention may be used not only in a single crystalline solar cell module but also in a thin film solar
cell module or any other solar cell module.

EXAMPLES

[0063] Hereinafter, the invention is more specifically described with reference to the examples, which however are
not intended to limit the invention.

[Test Example 1]

<Production of weakly crosslinked Sealing Material for Use in Solar Cell Module>

(Monolayer Film)

[0064] The components for the sealing material composition shown in Table 1 below were mixed to form a blend for
a monolayer. The blend was formed into a solar cell module-forming monolayer sealing material with a total thickness
of 600 mm at an extrusion temperature of 210°C and a drawing rate of 1.1 m/minute using a 30 mmφ extruder and a film
forming machine having a 200 mm wide T die (Examples 1-5, Comparative Examples 1-4, and Reference Examples 1
and 2). In Reference Examples 1 and 2, the film was formed using the same composition as the composition for each
of the inner and outer layers of the multilayer film described below.

(Multilayer Film)

[0065] The components for the sealing material compositions shown in Table 2 below were mixed to form blends for
inner and outer layers, respectively, which were used to form a three-layer film. Each blend was formed into a film at an
extrusion temperature of 210°C and a drawing rate of 1.1 m/minute using a 30 mmφ extruder and a film forming machine
having a 200 mm wide T die, and the resulting films were laminated to form a three-layer sealing material for a solar cell
module. The sealing material had a total thickness of 600 mm and a thickness ratio of outer/inner/outer layers of 1/5/1
(Example 6).
[0066] The raw materials shown below were used for the sealing material compositions.
[0067] Silane-modified transparent resin (Si): 2 parts by weight of vinyltrimethoxysilane and 0.1 parts by weight of
dicumyl peroxide as a radical precursor (reaction catalyst) were mixed into 98 parts by weight of metallocene-type linear
low density polyethylene (M-LLDPE) with a density of 0.881 g/cm3 and a MFR of 2 g/10 min at 190°C. The mixture was
melted and kneaded at 200°C to give silane-modified transparent resin with a density of 0.884 g/cm3 and a MFR of 1.8
g/10 min at 190°C.
[0068] Weather-resistant master batch (weatherproof): Into 100 parts by weight of powder obtained by grinding Ziegler
linear low density polyethylene with a density of 0.880 g/cm3 were mixed 3.8 parts by weight of a benzophenol ultraviolet
absorber, 5 parts by weight of a hindered amine light stabilizer, and 0.5 parts by weight of a phosphorous thermal
stabilizer. The mixture was melted and processed to form a pelletized master batch.
[0069] Polymerization initiator compound resin 1 (Poly 1): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 3.1 g/10 min at 190°C were impregnated with 0.1 parts by weight of tert-amyl-peroxy-2-
ethylhexyl carbonate (polymerization initiator A) so that compound pellets were obtained.
[0070] Polymerization initiator compound resin 2 (Poly 2): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 2.2 g/10 min at 190°C were impregnated with 0.1 parts by weight of tert-amyl-peroxy-2-
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ethylhexyl carbonate (polymerization initiator A) so that compound pellets were obtained.
[0071] Polymerization initiator compound resin 3 (Poly 3): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 3.1 g/10 min at 190°C were impregnated with 0.1 parts by weight of tert-butyl-peroxy-2-
ethylhexyl carbonate (polymerization initiator B) so that compound pellets were obtained.
[0072] Polymerization initiator compound resin 4 (Poly 4): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 2.2 g/10 min at 190°C were impregnated with 0.1 parts by weight of tert-butyl-peroxy-2-
ethylhexyl carbonate (polymerization initiator B) so that compound pellets were obtained.
[0073] Polymerization initiator compound resin 5 (Poly 5): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 3.1 g/10 min at 190°C were impregnated with 0.032 parts by weight of 2,5-dimethyl-2,5-
di(tert-butylperoxy)hexane (polymerization initiator C) so that compound pellets were obtained.
[0074] Polymerization initiator compound resin 6 (Poly 6): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 3.5 g/10 min at 190°C were impregnated with 0.032 parts by weight of 2,5-dimethyl-2,5-
di(tert-butylperoxy)hexane (polymerization initiator C) so that compound pellets were obtained.
[0075] Polymerization initiator compound resin 7 (Poly 7): 100 parts by weight of M-LLDPE pellets with a density of
0.880 g/cm3 and a MFR of 3.5 g/10 min at 190°C were impregnated with 0.041 parts by weight of 2,5-dimethyl-2,5-
di(tert-butylperoxy)hexane (polymerization initiator C) so that compound pellets were obtained.
[0076] M-LLDPE 1 (ML 1): metallocene-type linear low density polyethylene with a density of 0.880 g/cm3 and a MFR
of 3.1 g/10 min at 190°C
[0077] M-LLDPE 2 (ML 2): metallocene-type linear low density polyethylene with a density of 0.880 g/cm3 and a MFR
of 1.0 g/10 min at 190°C
[0078] M-LLDPE 3 (ML 3): metallocene-type linear low density polyethylene with a density of 0.901 g/cm3 and a MFR
of 2.0 g/10 min at 190°C
[0079] Concerning film forming ability, the compositions of the examples and the comparative examples shown in
Table 1 were each normally formed into a film (the content of the polymerization initiator in the composition was 0.076%
in Examples 1-4 and 0.024% in Example 5). The composition of Comparative Example 4 was prepared as in Example
1, except that the amount of the polymerization initiator was 0.7 parts by weight (the content of it in the composition was
0.53%). However, it was impossible to form the composition of Comparative Example 4 into a film because due to the
high MFR, gelation occurred.
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<Evaluation Example 1>

[0080] The solar cell module-forming weakly crosslinked sealing materials of Examples 1 to 6, Comparative Examples
1 to 3, and Reference Examples 1 and 2 produced by the above method were each evaluated for total light transmittance
(JIS K 6911), haze (JIS K 6911), heat resistance test, load current during molding and multilayer film molding properties.
Higher load current means larger load during extrusion. The results are shown in Tables 3 and 4. Good molding properties
mean that high adherence performance is provided when a module is formed.
[0081] Heat resistance test: Two 75 mm 3 50 mm cut pieces of the solar cell module-forming sealing material of each
of the examples and the comparative examples, and one 75 mm 3 50 mm piece of semi-reinforced glass plate were
stacked in this order on a 250 mm square semi-reinforced glass plate, and subjected to pressure bonding at 150°C for
15 minutes using a cacuum laminator for forming a solar cell module. The resulting laminate samplewas allowed to
stand for 12 hours in an oven at 120°C while inclined at 45°, and the distance that the semi-reinforced glass plate shifted
was used to evaluate the heat resistance.
[0082] Adherence test: A 150 mm square cut piece of the solar cell module-forming sealing material of each of Example
6 and Comparative Examples 1 and 2 was sandwiched between two 150 mm blue glass sheets, while a 10 mm-wide,
100 mm-long, 300 mm-thick aluminum tape was attached to one inner side of the blue glass sheet, and the materials
were subjected to vacuum lamination. The resulting laminate sample was allowed to stand in a 4°C environment for 1
week, and then, the presence or absence of delamination around the aluminum tape was determined. If the molding
properties are poor, the strength of lamination will be low so that delamination will occur under the above conditions.
Thus, the presence or absence of delamination was used to determine whether the molding properties are good or poor.
For the solar cell module-forming sealing material of each of Example 6 and Reference Examples 1 and 2, the MFR
was measured in advance.

[0083] Table 3 indicates that the solar cell module-forming sealing materials according to the invention, which are
weakly crosslinked by molding at a temperature equal to or higher than the one-minute half-life temperature of the
polymerization initiator, possess higher heat resistance because they show lower values in the heat resistance test and

[Table 2]

Si Weatherproof Poly6 Poly7

Example6
Inner layer 3 5 97

Outer layer 20 5 80 97

(Unit: parts by mass)

[Table 3]

Total light 
transmittance (%)

Haze 
(%)

Heat resistance 
test (mm)

Load current during 
production (A)

Example1 91 5 22 14.8

Example2 91 5 12 15.8

Example3 91 5 22 14.8

Example4 91 12 15.8

Example5 91 5 2.3 14.7

Example 6 (multilayer) 91 1.5 Not measured

Comparative Example1 91 5 47.9 13.8

Comparative Example2 91 9 23 16.2

Comparative Example3 91 20 2.1 14.5

Reference Example 1 (for 
inner layer)

91 1.3 Not measured

Reference Example 2 (for 
outer layer)

91 5 2.3 Not measured
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superior processability because they show lower load currents than the material produced using non-crosslinked resin
with a low MFR (Comparative Example 2). The solar cell module-forming sealing materials according to the invention
also possess higher transparency than the material produced using non-crosslinked resin with a higher density (Com-
parative Example 3). Thus, the results indicate that according to the invention, the weak crosslinking during molding can
improve heat ability of low keeping the transparency and film forming

[0084] Tables 3 and 4 indicate that if a plurality of weakly crosslinked sealing material sheets are used to form a
multilayer film sheets with different MFRs can be used in such a manner that a higher-MFR layer is arranged as an outer
layer while a lower-MFR layer is arranged as an inner layer, so that adherence can be improved while heat resistance
is kept at the same level as that of the monolayer film having a similar composition.

<Evaluation Example 2>

[0085] Concerning Example 2, Table 5 shows the results of determing whether the density, MFR, and weight average
molecular weight were changed before and after the film production.

[Table 4]

MFR (g/10min) Molding properties (presence or absence of delamination)

Example6 0.4 Good (absent)

Reference Example1 0.32 Poor (present)

Reference Example2 0.64 Good (absent)
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[0086] It is apparent from Table 5 that in Example 2, there is almost no change in density before and after the film
production, and since the gel fraction is zero, crosslinkage is not detectable from the gel fraction. Nevertheless, after
the film production, the MFR decreases, while the weight average molecular weight increases, which indicates that weak
crosslinking is achieved according to the invention.

[Test Example 2]

[0087] Polymerization initiator compound resins were prepared as follows. 100 parts by weight of M-LLDPE pellets
with a density of 0.880 g/cm3 and a MFR of 3.5 g/10 min at 190°C were impregnated with each of four levels of α,α’-di
(tert-butylperoxy)diisopropylbenzene (polymerization initiator D): 0 parts by weight (Comparative Example 5), 0.01 parts
by weight Comparative Example 6), 0.04 parts by weight (Example 7), and 0.05 parts by weight (Example 8) of polym-
erization initiator D, so that compound pellets were obtained. Film production was performed as in Example 1 using only
each compound resin. Table 6 shows the results of the measurement of the MFR at 190°C after the film production.

[0088] The results indicate that silane-modified transparent resin is not essential when polyethylene-based resin is
used according to the invention and that even in the absence of silane-modified transparent resin, MFR can be reduced,
and a weak crosslinking treatment can be achieved.

Claims

1. A weakly crosslinked sealing material for use in a solar cell module, comprising: all layers of a monolayer or multilayer
film comprising a resin composition containing at least 90 mass% of a polyethylene-based resin with a density in a
range of 0.870 g/cm3 to 0.900 g/cm3 inclusive and containing substantially no crosslinking coagent,
the monolayer or multilayer film having a MFR from 0.1 g/10 min to less than 1.0 g/10 min as measured, with a
method as follows:

the weakly crosslinked sealing material having a gel fraction within 0% and 1% as measured with a method as
follows:

a gel fraction (%): after crosslinked, 1 g of the sealing material is weighed and placed in an 80-mesh metal
gauze bag; subsequently, the sample in the metal gauze is added to a Soxhlet extractor and refluxed with
xylene at the boiling point; after continuous extraction for 10 hours, the sample in the metal gauze bag is
taken out, and the sample is dried and then weighed; the weights of the sample before and after the
extraction are compared to determine the mass percentage (%) of the insoluble residue, which is used as
the gel fraction,
MFR (g/10 min) is measured according to JIS K 7210, wherein synthetic resin is heated and pressurized
at 190°C in a cylindrical vessel heated by a heater, and the amount of the resin extruded per 10 minutes
from an opening (nozzle) formed at the bottom of the vessel is measured; the testing machine used is an
extrusion plastometer, and the extrusion load is 2.16 kg; concerning a sealing material sheet made of a
multilayer film, the above measurement process is performed on a multilayer state in which all layers are
laminated, and the resulting measured value is used as the MFR value of the multilayer sealing material
sheet.

2. The weakly crosslinked sealing material according to claim 1, wherein the polyethylene-based resin is metallocene-
type linear low density polyethylene.

3. The weakly crosslinked sealing material according to claim 1 or 2, wherein the polyethylene-based resin contains

[Table 6]

MFR (g/10min)

Comparative Example5 3.50

Comparative Example6 3.42

Example6 0.59

Example7 0.33
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a copolymer obtained by copolymerization using an α-olefin and an ethylenic unsaturated silane compound as
comonomers.

4. The weakly crosslinked sealing material according to any one of claims 1 to 3, which has a polystyrene-equivalent
weight average molecular weight of from 120,000 to 300,000 as measured with a method as follows:

the polystyrene-equivalent weight average molecular weight is determined by a process including measuring
the viscosity of a xylene solution of 6 wt% of the sample and determining the weight average molecular weight
of the sample from the viscosity by conversion calculation using a polystyrene standard.

5. The weakly crosslinked sealing material according to any one of claims 1 to 4, which has at least two layers different
in the MFR.

6. The weakly crosslinked sealing material according to claim 5, wherein the layers include a layer with a relatively
high MFR arranged as an outermost layer and another layer with a relatively low MFR arranged as an intermediate
layer.

7. A solar cell module having the weakly crosslinked sealing material according to any one of claims 1 to 6.

8. A method for producing a weakly crosslinked sealing material for use in a solar cell module, comprising: melt molding
a resin composition containing a polyethylene-based resin with a density in a range of 0.870 g/cm3 to 0.900 g/cm3

inclusive and 0.02 mass% to less than 0.5 mass% of a polymerization initiator and containing substantially no
crosslinking coagent at a temperature equal to or higher than a one-minute half-life temperature of the polymerization
initiator, wherein the weakly crosslinked sealing material has a gel fraction within 0% and 1% as measured with a
method as follows:

a gel fraction (%): after crosslinked, 1 g of the sealing material is weighed and placed in an 80-mesh metal
gauze bag; subsequently, the sample in the metal gauze is added to a Soxhlet extractor and refluxed with xylene
at the boiling point; after continuous extraction for 10 hours, the sample in the metal gauze bag is taken out,
and the sample is dried and then weighed; the weights of the sample before and after the extraction are compared
to determine the mass percentage (%) of the insoluble residue, which is used as the gel fraction.

9. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to claim 8,
wherein the composition contains 0.02 mass% to 0.2 mass% of the polymerization initiator.

10. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to claim 8
or 9, wherein the polymerization initiator is an organic peroxide.

11. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to any one
of claims 8 to 10, wherein the melt molding is performed at a temperature at least 50°C higher than the melting point
of the polyethylene-based resin.

12. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to any one
of claims 8 to 11, wherein a difference in the density of the resin composition between before and after the melt
molding is at most 0.05 g/cm3, and
a difference in the MFR of the resin composition between before and after the melt molding is at least 1.0 g/10 min
as measured at 190°C under a load of 2.16 kg according to JIS K 7210.

13. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to any one
of claims 8 to 12, wherein the sealing material has at least two layers different in polymerization initiator content.

14. The method for producing a weakly crosslinked sealing material for use in a solar cell module according to claim
13, wherein the layers include a layer with a relatively low polymerization initiator content arranged as an outermost
layer and another layer with a relatively high polymerization initiator content arranged as an intermediate layer.
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Patentansprüche

1. Schwach quervernetztes Dichtungsmaterial zur Verwendung in einem Solarzellenmodul, umfassend alle Schichten
eines einschichtigen oder mehrschichtigen Films mit einer Harzzusammensetzung, die mindestens 90 Massen-%
eines Harzes auf Polyethylenbasis mit einer Dichte in einem Bereich von 0,870 g/ cm3 bis 0,900 g/cm3 inklusive
und mit im Wesentlichen keinem Vernetzungskoagent enthält,
wobei der Monoschicht- oder Mehrschichtfilm einen Schmelzflussindex MFR von 0,1 g /10 min bis weniger als 1,0
g /10 min aufweist, gemessen mit einem Verfahren wie folgt:

wobei das schwach quervernetzte Dichtungsmaterial einen Gelfraktionsanteil innerhalb von 0% und 1% auf-
weist, gemessen mit einem Verfahren wie folgt:

ein Gelfraktionsanteil (%): Nach Quervernetzung wird 1g des Dichtungsmaterials gewogen und in eine 80-
Masche Metallgeflechttasche gestellt; danach wird die Probe im Metallgeflecht einem Soxhlet-Extraktor
beigefügt und unter Rühren mit Xylol am Siedepunkt erhitzt; nach kontinuierlicher Extraktion während 10
Stunden wird die Probe in der Metallgeflechttasche herausgenommen, und die Probe wird getrocknet und
dann gewogen; die Gewichte der Probe vor und nach der Extraktion werden verglichen, um den Massen-
prozentsatz (%) des unlöslichen Rückstands zu bestimmen, welcher als der Gelfraktionsanteil verwendet
wird;
der Schmelzflussindex MFR (g/10 min) wird gemäss JIS K 7210 gemessen, worin ein Kunstharz bei 190°C
geheizt und druckbelastet wird, in einem durch einen Heizkörper geheizten zylindrischen Gefäss, und die
Menge an pro 10 Minuten extrudierten Harz durch eine am Unterteil des Gefässes gebildete Öffnung (Düse)
gemessen wird; die verwendete Testmaschine ist ein Extrusionsplastometer; und die Extrusionslast ist 2,16
k; in Bezug auf eine Dichtungsmaterialfolie aus einem Mehrschichtfilm wird das obige Messverfahren auf
einem Mehrschichtzustand durchgeführt, worin alle Schichten laminiert sind, und der resultierende gemes-
sene Wert wird als MFR-Wert der Mehrschichtdichtungsmaterialfolie verwendet.

2. Das Schwach quervernetzte Dichtungsmaterial gemäss Anspruch 1, worin das auf Polyethylen basierende Harz
ein lineares Polyethylen geringer Dichte vom Metallocen-Typ ist.

3. Das Schwach quervernetzte Dichtungsmaterial gemäss Anspruch 1 oder 2, worin das auf Polyethylen basierende
Harz ein Copolymer enthält, das durch Copolymerisation unter Verwendung eines α-Olefins und einer ethylenisch
ungesättigten Silanverbindung als Comonomere erhalten wird.

4. Das Schwach quervernetzte Dichtungsmaterial gemäss irgendeinem der Ansprüche 1 bis 3, das ein gewichtsge-
mitteltes Molekulargewicht von Polystyroläquivalent von 120.000 bis 300.000 aufweist, gemessen mit einem Ver-
fahren wie folgt:

das gewichtsgemittelte Molekulargewicht von Polystyroläquivalent wird durch ein Verfahren bestimmt ein-
schliesslich der Messung der Viskosität einer Xylol-Lösung von 6 Gew.-% der Probe und der Bestimmung des
gewichtsgemittelten Molekulargewichts der Probe aus der Viskosität durch Konversionsberechnung mit einem
Polystyrolstandard.

5. Das Schwach quervernetzte Dichtungsmaterial gemäss irgendeinem der Ansprüche 1 bis 4, das mindestens zwei
in der MFR unterschiedliche Schichten aufweist.

6. Das Schwach quervernetzte Dichtungsmaterial gemäss Anspruch 5, worin die Schichten umfassen: eine Schicht
mit einem relativ hohen MFR, die als eine äusserste Schicht angeordnet ist, und eine andere Schicht mit einem
relativ niedrigen MFR, die als eine Zwischenschicht angeordnet ist.

7. Solarzellenmodul mit dem schwach quervernetzten Dichtungsmaterial gemäss irgendeinem der Ansprüche 1 bis 6.

8. Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solarzel-
lenmodul, umfassend: Schmelzformen einer Harzzusammensetzung, die ein Harz auf Polyethylenbasis umfasst
mit einer Dichte in einem Bereich von 0,870 g/ cm3 bis 0,900 g/cm3 inklusive und mit 0,02 Massen-% bis weniger
als 0,5 Massen-% eines Polymerisationsinitiators und mit im Wesentlichen keinem Vernetzungskoagent bei einer
Temperatur gleich oder höher als einer einminütigen Halbwertszeit-Temperatur des Polymerisationsinitiators, worin
das schwach quervernetzte Dichtungsmaterial einen Gelfraktionsanteil zwischen von 0% und 1% aufweist, gemes-



EP 2 579 331 B1

19

5

10

15

20

25

30

35

40

45

50

55

sen mit einem Verfahren wie folgt:

ein Gelfraktionsanteil (%): Nach Quervernetzung wird 1g des Dichtungsmaterials gewogen und in eine 80-
Masche Metallgeflechttasche gestellt; danach wird die Probe im Metallgeflecht einem Soxhlet-Extraktor beige-
fügt und unter Rühren mit Xylol am Siedepunkt erhitzt; nach kontinuierlicher Extraktion während 10 Stunden
wird die Probe in der Metallgeflechttasche herausgenommen, und die Probe wird getrocknet und dann gewogen;
die Gewichte der Probe vor und nach der Extraktion werden verglichen, um den Massenprozentsatz (%) des
unlöslichen Rückstands zu bestimmen, welcher als der Gelfraktionsanteil verwendet wird.

9. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss Anspruch 8, worin die Zusammensetzung 0,02 Massen-% bis 0,2 Massen-% des Polymeri-
sationsinitiators enthält.

10. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss Anspruch 8 oder 9, worin der Polymerisationsinitiator ein organisches Peroxid ist.

11. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss irgendeinem der Ansprüche 8 bis 10, worin das Schmelzformen bei einer Temperatur durch-
geführt wird, die mindestens 50 ° C höher ist als der Schmelzpunkt des Harzes auf Polyethylenbasis.

12. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss irgendeinem der Ansprüche 8 bis 11, worin ein Unterschied in der Dichte der Harzzusammen-
setzung vor und nach dem Schmelzformen höchstens 0,05 g/cm3 beträgt, und
ein Unterschied im MFR der Harzzusammensetzung vor und nach dem Schmelzformen mindestens 1,0 g/10 min
beträgt, gemessen bei 190°C unter einer Belastung von 2,16 kg gemäss JIS K 7210.

13. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss irgendeinem der Ansprüche 8 bis 12, worin das Dichtungsmaterial mindestens zwei Schichten
mit unterschiedlichem Polymerisationsinitiatorgehalt aufweist.

14. Das Verfahren zur Herstellung eines schwach quervernetzten Dichtungsmaterials zur Verwendung in einem Solar-
zellenmodul gemäss Anspruch 13, worin die Schichten umfassen: eine Schicht mit einem relativ geringen Polyme-
risationsinitiatorgehalt, angeordnet als äusserste Schicht, und eine andere Schicht mit einem relativ hohen Poly-
merisationsinitiatorgehalt, angeordnet als ein Zwischenschicht.

Revendications

1. Matériau d’étanchéité faiblement réticulé à usage dans un module de cellule solaire, comprenant: toutes les couches
d’un film monocouche ou multicouche comprenant une composition de résine contenant au moins 90% en masse
d’une résine à base de polyéthylène ayant une densité dans une fourchette de 0.870 g/cm3 à 0.900 g/cm3 compris
et contenant sensiblement aucun co-agent de réticulation,
le film monocouche ou multicouche ayant un indice de fluidité à chaud MFR de 0.1g/10 min à moins de 1.0g/10 min
comme mesuré, avec un procédé comme suit :

le matériau d’étanchéité faiblement réticulé ayant une fraction de gel entre 0% et 1% comme mesuré avec un
procédé comme suit :

une fraction de gel (%) : après réticulation, 1g de matériau d’étanchéité est pesé et placé dans un sac de
toile métallique de maillage 80 ; ensuite, l’échantillon dans la toile métallique est ajouté à un extracteur
Soxhlet et chauffé au reflux avec du xylène au point d’ébullition ; après extraction continue pendant 10
heures, l’échantillon dans le sac de toile métallique est retiré et l’échantillon est séché puis pesé ; les poids
de l’échantillon avant et après l’extraction sont comparés pour déterminer le pourcentage en masse (%)
de résidu insoluble, qui est utilisé en tant que fraction de gel ;
l’indice de fluidité à chaud MFR (g/10 min) est mesuré selon JIS K 7210, où la résine synthétique est
chauffée et pressurisée à 190° C dans un récipient cylindrique chauffé par un corps de chauffe, et la quantité
de résine extrudée par 10 minutes au travers d’une ouverture (buse) formée au bas du récipient est mesurée;
la machine de test utilisée est un plastomètre à extrusion, et la charge d’extrusion est 2.16 kg ; concernant
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une feuille de matériau d’étanchéité constituée d’un film multicouche, le procédé de mesure ci-dessus est
effectué sur un état multicouche dans lequel toutes les couches sont stratifiées, et la valeur mesurée
résultante est utilisée comme valeur d’indice de fluidité à chaud MFR de la feuille de matériau d’étanchéité
multicouche.

2. Le matériau d’étanchéité faiblement réticulé selon la revendication 1, dans lequel la résine à base de polyéthylène
est un polyéthylène à basse densité linéaire de type métallocène.

3. Le matériau d’étanchéité faiblement réticulé selon la revendication 1 ou 2, dans lequel la résine à base de polyéthylène
contient un copolymère obtenu par copolymérisation en utilisant une α-oléfine et un composé de silane insaturé
éthylénique en tant que comonomères.

4. Le matériau d’étanchéité faiblement réticulé selon l’une quelconque des revendications 1 à 3, qui a un poids molé-
culaire moyen en poids équivalent de polystyrène de 120’000 à 300’000 comme mesuré avec un procédé comme
suit :

le poids moléculaire moyen en poids équivalent de polystyrène est déterminé par un procédé comprenant la
mesure de la viscosité d’une solution de xylène de 6 % en poids de l’échantillon et de déterminer le poids
moléculaire moyen en poids de l’échantillon à partir de la viscosité par calcul de conversion utilisant un standard
de polystyrène.

5. Le matériau d’étanchéité faiblement réticulé selon l’une quelconque des revendications 1 à 4, qui présente au moins
deux couches différentes dans l’indice de fluidité à chaud MFR.

6. Le matériau d’étanchéité faiblement réticulé selon la revendication 5, dans lequel les couches comprennent une
couche avec un indice de fluidité à chaud MFR relativement élevé agencé en tant que couche la plus externe et
une autre couche avec un indice de fluidité à chaud MFR relativement faible agencé en tant que couche intermédiaire.

7. Module de cellule solaire comportant le matériau d’étanchéité faiblement réticulé selon l’une quelconque des re-
vendications 1 à 6.

8. Procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de cellule
solaire, comprenant: le moulage par fusion d’une composition de résine contenant une résine à base de polyéthylène
ayant une densité dans une fourchette de 0.870 g/cm3 à 0.900 g/cm3 compris et 0.02 % en masse à moins de 0.5%
en masse d’un initiateur de polymérisation et contenant sensiblement aucun co-agent de réticulation à une tempé-
rature égale à ou plus élevée qu’une température d’une demi-vie d’une minute de l’initiateur de polymérisation, dans
lequel, le matériau d’étanchéité faiblement réticulé a une fraction de gel entre 0% et 1% comme mesuré avec un
procédé comme suit :

une fraction de gel (%) : après réticulation, 1g de matériau d’étanchéité est pesé et placé dans un sac de toile
métallique de maillage 80 ; ensuite, l’échantillon dans la toile métallique est ajouté à un extracteur Soxhlet et
chauffé au reflux avec du xylène au point d’ébullition ; après extraction continue pendant 10 heures, l’échantillon
dans le sac de toile métallique est retiré et l’échantillon est séché puis pesé ; les poids de l’échantillon avant et
après l’extraction sont comparés pour déterminer le pourcentage en masse (%) de résidu insoluble, qui est
utilisé en tant que fraction de gel.

9. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
cellule solaire selon la revendication 8, dans lequel la composition contient 0,02% en masse à 0,2% en masse de
l’initiateur de polymérisation.

10. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
cellule solaire selon la revendication 8 ou 9, dans lequel l’initiateur de polymérisation est un peroxyde organique.

11. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
cellule solaire selon l’une quelconque des revendications 8 à 10, dans lequel le moulage par fusion est effectué à
une température supérieure d’au moins 50°C au point de fusion de la résine à base de polyéthylène.

12. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
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cellule solaire selon l’une quelconque des revendications 8 à 11, dans lequel une différence de densité de la
composition de résine entre avant et après le moulage en fusion est au plus de 0,05 g / cm3 >, et une différence
dans le MFR de la composition de résine entre avant et après le moulage en fusion est d’au moins 1,0 g / 10 min,
mesurée à 190 ° C sous une charge de 2,16 kg selon JIS K 7210.

13. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
cellule solaire selon l’une quelconque des revendications 9 à 13, dans lequel le matériau d’étanchéité a au moins
deux couches différentes dans le contenu d’initiateur de polymérisation.

14. Le procédé de production d’un matériau d’étanchéité faiblement réticulé destiné à être utilisé dans un module de
cellule solaire selon la revendication 13, dans lequel les couches comprennent une couche avec une teneur en
initiateur de polymérisation relativement faible agencée en couche externe et une autre couche avec une teneur
en initiateur de polymérisation relativement élevée en tant que couche intermédiaire.
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